Zhe-Ming Wang and Song Gao * Molecular materials have attracted much attention due to their advantages of easy modification and fabrication, environmentally friendly and less energy-cost processing, transparent, light weight, mechanical flexibility and possible multi-functionalities, compared to their counter parts of pure inorganic or metallic ones, and many functionalities and properties have been discovered and realized in molecule-based materials [1] [2] [3] [4] . Ferroelectrics, as an important class of multifunctional electroactive materials possessing electrically or mechanically switchable, temperature-dependent polarization and/or tunable dielectric responses and nonlinear electro-optic effects, have many applications in temperature sensing, data storage, mechanical actuation, energy harvesting, electromagnetic wave manipulation, and so on [5] [6] [7] [8] . The first ferroelectrics, Rochelle salt, which was discovered in 1920-1, is in fact a molecular material, and later a few other molecular systems, such as the well-known potassium dihydrogen phosphate and tri-glycine sulfate, were discovered and developed. However, the rapid development of ferroelectrics took place only after the discovery of pure inorganic ferroelectrics, perovskite barium titanate (BTO) and lead zirconate titanate, because of their large spontaneous polarization (P S ), high Curie temperature (T C ), large dielectric constant (ε ), and low dielectric loss (ε or tanδ), which are usually unavailable for molecular ferroelectrics [5, 6] . These shortcomings for molecular ferroelectrics have been gradually overcome [9] [10] [11] [12] [13] ; for example, an organic ferroelectrics, croconic acid, has been reported to possess a P S of 21 µC cm −2 at room temperature, comparable to BTO [9] . Very recently, a research team led by Professor Ren-Gen Xiong in Southeast University, Nanjing, China, has reported [14] that a molecular ferroelectric crystal of diisopropylammonium bromide salt (DIPAB, Figs 1 and 2) showed a P S of 23 µC cm −2 , high T C of 426 K, large ε up to 10 3 , and low tanδ of ∼0.4%, all close to or beyond the pure inorganic BTO, representing a breakthrough in the research of molecular ferroelectrics. The DIPAB crystal could be prepared by conventional solution methods under ambient conditions, affording two polymorphs, α and γ phases (Fig. 1) . At room temperature, the α phase crystallized in the monoclinic chiral space group P2 1 , which belongs to the polar point group C 2 . Instead, the γ phase is in an orthohombic chiral space group P2 1 The P s versus T plots measured by a pyroelectric technique, and inset, the ferroelectric hysteresis loops under several temperatures below T C . Redrawn from the data in [14] , by the permission of the authors. 
PERSPECTIVE
When heating the crystals to temperatures above T C of 426 K, both polymorphs entered a disordered state in which the NH 2 group of the diisopropylammonium cation flipped between two positions to add a mirror in the structures, thus resulting in the high temperature β phase of a centrosymmetric structure belonging to the monoclinic space group P2 1 /m in the nonpolar point group C 2h . The α to β transition is reversible, while γ to β transition, probably via the α phase, is irreversible (Fig. 1) . The transitions are characterized and confirmed by differential scanning calorimetry and second harmonic generation measurements. Accompanied by the phase transition, the α crystal displayed a prominent dielectric anomaly at T C = 426 K, with the peak ε , as high as 1.6×10
3 at the lowest frequency of 400 Hz (Fig. 2a) . Below T C , the material still possesses rather high ε values of several tens and small tanδ values of ∼0.4%. The polar α crystal displayed typical ferroelectric hysteresis loops (Fig. 2b, inset) . Just below the T C , the coercive field is estimated to be 5.0 kV cm −1 and the P S of ∼10 µC cm −2 , and both increased on further cooling. The P S value measured using a pyroelectric technique is 23 µC cm −2 (Fig. 2b) and further confirmed by the first-principle density functional theory calculations, resulted from the nearly parallel arrangement of the dipoles from the anion to cation in the structure. The P S of 23 µC cm −2 is close to 26 µC cm −2 of BTO, and the T C of 426 K higher than 393 K of BTO [5, 6] , and these data are beyond most known molecular ferroelectrics. The stripes of ferroelectric domains were revealed by the study of piezoresponse force microscopy.
The works [13, 14] by Professor Xiong's team have demonstrated that molecular ferroelectrics with ferroelectric properties of large P S , high T C , large ε and low ε or tanδ, comparable to the pure inorganic ferroelectric oxides, are now possible to be obtained, and those disadvantages and limits, such as small P S and low T C , of molecular ferroelectrics for their pratical applications, could be paved. This has opened a new avenue to the applications of those molecular ferroelectrics which are much more environmentally friendly, easy fabrication and less energy-cost processing, lighter weight, and so on, than the pure inorganic oxide counters.
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